
Calculate Z statistic 

nILEC = 145,629 installation orders oILEC = 1.40621 
nCLEC = 57 1 installation orders 

STEP #2: 

ODIFF = c.ILEC* ‘qrt[” l%LEC + 1/nCL,Cl 

= 1.40621* sqrt[1/145,629 + l/571] = 0.05896 

STEP #3: 

Z = DIFFI cDIFF = 0.57228 / 0.05896 = 9.71 



z = 9.71 

S ince there were 38 
submeasures for XYZ 
in Illinois 
reported this month*, 
Critical Z = 1.68 

Compare to Critical Z 

I I .-- 

2 0 1.96 

Since 9.71 > 1.68, 
Test fails!! 

60-69 5 1.70 

* Includes only measures eligible for remedies with at least 10 data points. 
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Before the 
FEDERAL COI%UNICATIONS COMMISSION 

Washington, D.C. 20554 

In the Matter of 
i 

Performance Measurements and 1 
Reporting Requirements )-CC Docket No. 98-56 
for Operations Support Systems, 1 P.M 9101 
Interconnection and Operator 
Services and Dilectory 

) 
) 

Assistance ) 

Affidavit of Dr. Colin L. Mallows 

Colin L. Mallows, being duly sworn, deposes and says: 

1. I am a Technology,Consultant at AT&T Laboratories. 

I make this affidavit in support of AT&T's comments 

regarding the use of statistical methods to determine 

whether incumbent local exchange carriers ("ILEts") are 

. providing nondiscriminatory, i.e., parity, service to 

ccmpeting carriers t"CLECs"1. I understand this is a 

requirement of law under Section 251 of the 

Telecommunications Act of 1996 ("Act"). 

Qualifications 

2. I have been a professional statistician for nearly 

45 years. I obtained a B.Sc. in Mathematics in 1951 and a 

?h.D. in Statistics in 1953, both from University College, 

London. After two years in the British Army I became a 

lecturer at University College in the area of statistics. ,. 

Since 1960, I have been employed at AT&T (formerly Bell: 



Labora:ories, becoming Head of the Statistical Models and 

Methods Research Department in 1969. I relinquished that 

title in 1996. From 1960 through 1964, I was also an 

adj yunct associate professor at Columbia University, teaching 

courses in statistical analysis. 

3. I am a Fellow of the American Statistical 

Asscciation (“ASA”), and I served as an associate editor of 

Jccrna? of the American Statistical Association from 1466 t.c 

1,071, anti again from 198-S-1989. I am also a Fellou of the 

lnc?‘-.“e -_-i-b of Mathematical Statistics l”IMS”1, and an elected 

meike: of the International Statistical Institute. I was 

twice elected to the Council of IMS, and have served on 

VEriOUS CCF.cliZi ees of the IMS and ASA. In 1997 I was 

honcreS by being named Fisher Lecturer at the Joint 

Siatisf:ca: !?eetings held by the ASA, IMS, the international 

EiomefrJc Soci,ety and .the Statistical Society of.Canada. 

4. 1 have published over 100 papers, with a large 

n’u.x>er cf cc-authors, in a variety of journals. My name is 

attac.hed to several well-known statistical techniques, 

including the Cp-plot for selecting regression variables, 

the phi-model for analysis of ranking data, and a weighting 

scheme for robust linear regression. My professional 

interests include foundations, data analysis, statistical 

graphics, time series, robustness, software reliability, 
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mcment-problems and Chebychev inequalities, combinatorics 

and coding theory. 

Introduction 

5. S have reviewed the Ccrrsaission’s Notice of 

Proposed Rulemaking I”Notice”) in this proceeding, focusing 

on its discussion of the use of statistical analysis as a 

means of determining whether ILECs are providing parity 

service to new competitors. The Notice (9 34) is clearly 

correct that “reporting averages of perfortiance measurements 

alone, without fcrther analysis , may not reveal whether 

there are mderlying diff erences in the way incumbent LECs 

treat their own retail operations in relation to the way 

they treat competing carriers.” Thus, it properly proposes 

tc require the use of statistical tests to determine whether 

measured differences in average ILX performance for 

themselves ,and competitors “represent, true’ differences in 

behavior rather than random chance.” 

6. As the Commission is aware, AT&T has supported the 

use of s:atistical tests to determine whether an ILEC has 

met its statutory obligations. Earlier this year, ATbT 

provided the Ccnmission with a concept for applying 

statistical analysis to ILEC performance measurements.’ The 

AT&T Statistical Ex Parte provided a methodology, given the 

Ix oirte letter from Frank S. Simone, AThT to Magalie ‘, 
~-T.=- V., _&A ---FCC, ‘CAFi-5, CC Docket No. 96-98, iW9101, dated 
:etrJary 3, 1998 (“AT&T Statistical 5x Parte”1. 
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presence of random error, to determine if an ILEC has 

complied with its statuto:y obligations when it reports 

results of numerous individual parity measurements, some of 

which show “worse” results for CLECs than for the ILEC.’ 

7. AT&T’s Statistical Ex Parte correctly recognized 

that each of the individual tests of ILEC performance 

contained statistical Type I error. Thus, it is appropriate 

to zse a Tyue 3 error concept when reviewing the ILEC’s 

parity tests in the aggregate to determine whether the iIEC 

:nas mei its ncndiscrimination obiigations. AThT’S 

Statistical Ex Parte thus described the use of a three-part 

analysis to determine whether ILEC measurements and reported 

results, when viewed in the aggregate, represent 

nondiscriminatory performance.’ 

8. Since that time, I have been asked to review and 

co.rnenf upon ATST’s Statistical Ex ,Parte and provide 

addi:icr;al insight on the use of statistical tests in this 

Since most of the measurements for these purposes are 
measurements of time, a “worse” result for a CLEC is usually 
a larger value, e.g., a 5-day installation interval for a 
CLTC is worse than a 3-day interval for the ILK. 

3 AT&T’s proposal recommended establishment of separate 
thresholds for: (1) the maximum number of “failures” on a 
monthly report that could reasonably represent mere 
randcmness resulting from the measurement process rather 
than disparity of performance: (2) repeated failures on 
soecific performance measurements in consecutive months; and 
I\) nees.drements showing extreme differences in averaoe 

Derfornance for the ILSC and CLECs. 5, p. 3. 
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. . 
context. As described in Section I below, the more detailed 

statistical methodology that is proposed here requires cnly 

a two-part analysis and provides the ILECs with more leeway 

than the original ATST proposal. Nevertheless, I believe 

that it provides a valid statistical comparison of the 

iLECs’ actual performance for itself and CLECs. 

Summary of Testimony 

9. Specifically, my testimony below shows that AT6T’s 

ercpcsed me:hodology satisfies the Ccrunission’s desire to 

assure t.nat reported oi; “‘ferences in ILEC performance are 

statistically meaningful. With respect to individual tests 

of ISZC performance, there are three key components in 

developing an appropriate statistical methodology. First, 

the modified z-statistic propcsed by LCUG provides an 

appropriate test statistic to determine whether there are 

s2gzificant differences in the mean and the variance .f an 

iLEC’s performance for itself and for CLECs. Second, a one- 

tailed test with Type I error held at the 5% level strikes a 

fair balance between the need to account for both Type I and 

Type II errors. Third, the t-distribution provides a useful 

basis for calculating the critical value for individual 

tests of ILEC performance, which is used to determine 

whether CLECs have been given equal treatment by the ILEC 

Moreover, In those cases where the sizes of the ILEC and 
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-rieas;;fements, from which the observed measurements are 

ass.umed to be drawn. We cannot observe these populations, 

and must base our test procedures on the observed samples. 

If the null hypcthesis is accepted through the use of the 

chosen tests, then any differences in the ILEC’s performance 

results for itself and the CLEC are deemed “statistically 

insigcificant,” and parity can be assumed. 

13. All such stati stical tests have three components. 

ri ‘St, _ *- the test designer must select a test statistic, which 

is 2 fo:mJla that produces a single number s.m.marizing the 

observed ILEC and CLEC data. Next, an acceptable Type I 

error orobability must be adopted. The error probability 

represents the test designer’s tolerance for falsely 

rejecting parity when it exists (Type I error is discussed 

i?. Section 1.2 below). Finally, the test designer must 

derive, from probability theory or known data, the 

---‘--bility distribution of the test statistic, describing “_ dUC 

the variability of perfc rmance under the null hypothesis. 

14. Once these components are established, the iest 

designer can determine (usually from a statistical table) a 

“critical value” against which to compare the computed value 

of the test statistic that is based on the actual results. 

If the test statistic is less than the critical value, it 

can be inferred that the ILK’s performance has “passed” the 

test cf parity. If, bo’dever, the computed test statistic 2s 
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greater than the critical value, ihe ILEC's performance is 

judged to be not at parity, and the ILEC has "failed" the 

parity test for that measurement. The relationship between 

the performance distribution under the null hypothesis and 

the criKica1 value is demonstrated graphically below. 

A. Test Statistic: The Commission Should Use The 
Modified Z-Statistic Recommended By LCUG. 

15. The modified z-statistic recommended by the Local 

Competition Users Group ("LCUG") is an excellent choice of 

test statistic in these circumstances. The "z-statistic" is 

a standard test statistic.‘ It is used to determine if the 

The formula for the z-statistic (also called the t- 
statistic), for the case where the observations are of 
measurements rather than proportions or rates, is 



average results (or means) drawn from two separate 

performance samples (here the monthly ILK performance data 

fcr itself and CLECsl have population means that are equal.’ 

Thus, the standard z-statistic formula can determine 

whether, based on the reported results, the ILEt’s average 

performance for itself and for CLECs is the same. 

16. Fiowever, it is not enough to test for a difference 

in means alone. In order to obtain parity, CL’,Cs are 

entlrled to service from the iLEC that produces both the 

same mean performance and also the same variance in 

performance. ’ The z-statistic, in its standard form, is not 

where x (resp. L) is the average of the ILEC (resp. CLEC) 
measurements, m (resp. nl is the number of these 
measUremer.ts, an0 S 1s a measure of the scale of variation 
of these measurements. The usual situation is that the 
sta+icri-al _-e--e test is designed to detect a difference in the 
population means of the ILEC and CLEC measurements, assuming 
the popG;lation variances to be equal. in this case the 
stahdafci t:;cice for US’ is 

.s! = s:,.& = 
(m - l).v,LEc + (n - l)Fcrrc 

m+n-2 

Similar statistics can also be used to detect 
differences in proportions and rates. 

The Commission also recognizes that it would be 
discriminatory if the ILEC has the same mean performance 
time for itself and CLECs but the variability of its 
performance for CLECs is greater (see Notice, ?.ppx. B, !I 4 
(“variability of response times . . . may affect the 
competitiveness of a competing carrier but may not be 
reflecred in a comparison of average response times”) I , For 
eximple, CLECs would be at a commercial disadvantage if iLEC 
retail customers could always rely on an installation period 
cf 4 days while installation dates for CLECs ranged from 2-6 
days or more. 
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. . 
designed to detect differences in variance between CLEC and 

ILEC performance, 

17. In order to create a single test that can account 

for both of these factors, LCUG proposes a modification that 

will make the statistical test have the ‘power to detect 

whether the ILK’s variance in its pe’rformance for CLECs is 

greater than the variance in its performance for itself. 

Specifically,’ LCUG proposes to use the ILEC variance, ratbe: 

., than the “pooled” variance, in calculating the z-statistic.- 

this oropcsal is based on well-supported statistical testing 

principles and combines the power of tests of means and 

tests of variance. Thus, if the test proposed by LCUG is 

used, there would be no need to develop a separate test of 

the equality of variances.2 

?e . Use of the LCUG modified z-statistic, rather than 

,r,he, more conventional form that muses a ,“pooled” -variance, is 

apprcpriate here because the problem here is different from 

The LCUG proposal is to use S’=SzIrrc. The resulting 
test statistic has the same distribution theory as the 
conventional one (using S2 pOo:ta) except for changing the 
“degrees of freedom” from m+n-2 to m-l. The effect of this 
change will be small if the parity hypothesis holds, since 
as the incumbent monopolist, the ILEC sample is likely to be 
much larger that the CLEC sample. 

See Notice, Appx. B, ‘B 4. It should also be noted that 
the uzof separate tests for differences in averages and 
differences in variance would reduce the power of each 
separate test. Thus, it is preferable to use a single test I. 
that is sensitive to cases where both the mean and ariance 
can increase. 

10 
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thai addressed in the standard texts. In the standard 

development, it is assumed that if the null hypothesis 

fails, it is only because the population means are 

different: the population variances are assumed to stay 

equal. This assumption is not appropriate here, because an 

increase in the CLEC variance would be a violation of 

parity, and the test should be able to detect it.’ 

3. F.s.descri bed above, the denominator of the formula 

fCZ the r-statistic requires use of a figure for variance. 

Ccnzrary to ihe suggestion of some ZLECs,” the most 

appropriate variance i0 use in thi s case is the variance of 

the ILfC’s performance for itself during the reportkg 

period. This sample variance is the best available estimate 

of the variance of the ILZC process. Moreover, the entire 

pK:rpcse of the examination is to determine whether the ALEC 

is providing CLE Cs at least the same level of. service .as :t 

F;ovides to itself and its retail customers. Thus, for this 

knother standard form of the z-statistic is designed 
for the case where the two population variances may differ 
even under the null hypothesis.~ In this case one replaces 

s2m s2, 
by -+- 

m n 
?his form of the statistic ii inappropriate here s 
the parity hypothesis the two population variances 
equal. Use of this form would reduce the probabil 
detecting violations of parity. 

i 

i 

nce under 
are 
ty of 

: : I am informed that some BOCs have suggested that them 
variance used in the formula should be based solely on the 
variance experienced by the CLECs, and others have suggesTed 
-he use cf the pooled variance. 
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purpose, variance in the ILEC’s performance is the standard 

against which t.he performance for CLECs should be measured. 

B. The Error Probability Should Be Based On A One- 
Tailed Test With rype I Error At No More Than The 
5% Level. 

20. In determining an appropriate -Type I error 

probability for the statistical test, it is important to 

I-eccgnize that any probability rate above 0% means that the 

statistical test will produce errors.” It is also 

important to understand that there are two distinct types of 

testing errors. “Type I” errors occur when a statis:ical 

test shows that two sets of results (here for the ILEC and 

CLEC) are inconsistent with the null hypothesis (&, are 

not in parity) when in fact the null hypothesis is true. 

“Type II” errors are the opposite. They occur when a 

statistical test indicates that the outcomes are in parity, 

but parity does not in fact exist. Both ‘types of errors ,are 

pcssible. 

21. There are two “tails” to Type I errors, but the. 

Notice (Appx. B, n.3) correctly notes that only one is 

pertinent here: errors relating to cases in which the ILEC’s 

performance for CLECs is worse than its performance for 

itself. Under the Commission’s rules, CLECs are entitled to 

performance that is “at least equal” to the performance the 

ILEC provides to itself. Those rules are not concerned with 

: : AT&T Statistical Ex Parte, p. B-l. 

12 



cases where, unintentionally, the ILEC provides CLECs with a 

level of performance that is better than the performance it 

provides to itself.” Thus, the Commission’s rules 

themselves argue for a one-tailed test. 

22. It should also be recognized ‘chat Type 11 errors 

are as real as Type I errors. Thus, there may be cases in 

which the ILEC is not in fact providing equal service to 

CLECs, but purely by chance the statistical test fails fc 

reject the pariiy h;rpcthesis. Thus, it is necessary to 

sirike a balance between the two types of errors. if we 

chocse tc make the Type I error small, then the Type II 

error will be large; and conversely. AT&T proposes to set 

the Type 1 error at no more than the conventional level of 

55. This controls the frequency of false alarms to be at 

most 5% whiiie making the probability of Type II errors small 

for violations that are of substantial size. Using a one- 

tailed test for Type I error at about the 5% level thus 

strikes a reasonable balance.‘.’ 

: : I am also informed that CiECs are not entitled to 
demand performance better than the ILEC provides to itself. 
Thus, there is no reason to believe that ILECs would 
intentionally provide their competitors with a higher grade 
of service than they provide to themselves and their retail 
customers. -. 
: i For oeneral information supporting the 5% level, see 
AT&? Statistical Ex Farfe, pp. B-l-B-2. 
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C. Probability Distribution Should Be Based On The 
T Distribution Or A Permutation Distribution 
Analysis. 

23. For moderate or large sample sizes, it is 

appropriate to use the Student t (or “t”) distribution to 

determine the critical value for the test. Use of this 

distribution, which is readily available in table form, is 

simple and straightforward and will produce statistically 

reliable res-llts. 

24. The published tables of critical values, using the 

t-distribution, are based on the assumption that the two 

populati:ns (of ILK and CLZC measurements) are exactly 

Normal. In practice, we will not have Normal distributions, 

and so these critical values are only approximations. There 

has been much debate as to the minimum sample sizes for 

which the tab-lated values become acceptable approximations: 

numbers such as 10 or 30 have been suggested. But this must 

depend on the shape of the probability density function” of 

the pcpulaticns, because there exist populations for which 

the approximation will never be adequate, even for very 

large sample sizes. In advance of reviewing the actual 

data, it is impossible to say for what size samples thy 

tabulated values will be acceptable. Nevertheless, assuming 

rhat very large values of the observations do not occur and 

the populations have approximately symmetrical probability 

:i See the graph in 914 of these comments for an example 
of a probabi lity density function. 
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density functions, I would guess that the tabulated values 

would be acceptable, provided that both the ILEC and CLEC 

samples have at least 10 members. Thus, the issue of sample 

size should not generally be a problem. 

25. There is an alternative method. for developing the 

probab ility distribution of the test’statistic that can be 

used with smaller sample sizes.” Under this method, called 

the permutation distribution, the probability distributicn 

is cenerated through use of the actual sample results, 

rather tihen a preexisting table. Given two samples, X’s and 

Y’s from ILEC and CLEC respectively, we combine these into 

one pool and then divide this into two sets X* and Y* in all 

possible ways. For each way, we calculate the corresponding 

z-score, say 2’. This gives us a distribution of z.* values, 

each of which is equally likely under the null hypothesis 

that the ILEC is treating customers impartially. Given the 

desired Type I error rate, we can read off the appropriate 

critical value and compare this with the observed value. 

26. For example, if the data are 

3 ILEC observations: X=1, X=2, X=4 
2 CLEC observations: Y=3 and Y=5 

:i This method will provide reliable results for any 
sample sire, but the use of the t-distribution and the 
associated table is simpler for all but very small sampie 
sizes. 



then the pooled set is (?,2,3,4,51 and there are 10 ways we 

can assign these five observations to the ILK and CLEC 

samples. We get 10 values of I: 

-2.74 -1.20 -0.60 -0.44 0.00 0.00 0.44 0.60 1.20 2.74 

and the 5% critical value is 2.74. The actual observed 

value is 1.20, and so is judged to be not significant (i.e., 

we accept the null hypothesis). 

27. This test procedure is valid irrespective of the 

form Of the population distribution, since it depends only 

on the assumption that each possible permutation is equally 

likely -rider the null hypothesis. ” The method can be used 

whenever the sample sires are large enough to make the test 

statistic weli defined, in the present case even for m=2, 

n=l. 

26. The permutation distribution would be developed 

‘,hroug? the use of~a computer program~that wOUid enumeraie 

r.he s2rp1es necessary to generate the distribution. I wrote 

2 prcgram to perform this function in a commercially 

available prGg?2m language called S Plus in one-half hour. 

Thus, I believe that a suitable program could be developed 

I i See, e.g., CGX and Hinkley, Theoretical Statistics 
(1974)paperback edition Chapman and Hall, 19791, pp. 182- 
lE4; H. Ccheffe, The Malvsis of Variance (19591 John Wiley,, 
& Cr.?< -.d..- I Section 9.3; P. Good, Perrata’ tion Tests (1994) - 
Scrir.ger. 
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promptly for use by the entire ALEC industry at minimal 

cost=-. 

29. A resource issue relating to the Use of the 

permutation distribution is the time needed to generate 

results. Unless the sample sizes are very small, the number 

of permutations to be generated is extremely large.” In 

order to deal with this problem, it would be reasonable to 

-use a random sample of possible permutations to approximate, 
~. i 

the distribution. For example, if the r.umber of possible 

permutations in a particular case exceeds 1000, the program 

could be designed to approximate the permutation probability 

distribution by randomly selecting 1000 permutations and 

constructing the distribution from those data. Because 

computers can perform calcuiations such as this with 

rem2rkable speed, the distribution for any measurement 

c2tegcry could be ascertained within a few seconds.‘3 

.- 
The Cytel Software Corporation of 675 Massachusetts 

Avenue, Carbridge, MA, markets a product called StatXact 
which has the capability of performing permutation tests. 
. . .e If m=lO, n=5, there are 3003 permutaticns; if m=20, 
n=lO, there are over 30 million. 

: 5 The Notice (Appx. B, n.5) raises another interesting 
possibility for a statistical analysis of individual 
perfcrmance measurements, i.e., comparing the proportions of 
two samples that exceed some fixed value. ATdT is studying 
a variation of this concept, in which the fixed value is not 
specified in advance, but is determined from the ILEC semple 
irself. We use the upper 90% quantile of the ALEC sample to 
deTermine the level of service that the ILK is providing 
fc: 90% of its customers and then meicure what percentage of 
c:sc customers receive at least that level of service. The 
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D. ILECs’ Compliance With Their Nondiscrimination 
Obligations Should Be Based On An Aggregate 
Assessment Of Parity. 

30. One of the key concepts in the AThT Statistical EX 

Parte is that it is also appropriate to use statistical 

analysis to review the aggregate results of an ILEC’s 

performance to determine whether it is in compliance with 

its nondiscrimination obligations. If we apply a large 

ncber , several hundred perhaps, cf tests of individual 

performance measurement comparisons, each test having a Type 

I error rate of 5%, then we would expect, on average, about 

5; of these tests to indicate non-compliance even when the 

ILEC is actually fully in compliance. Thus the fact that 

this many tests indicate non-compliance does not give 

conclusive evidence that the ILEC is not in compliance with 

its Section 251 nondiscrimination obligations. The number 

of tests that erroneously indicate non-parity,will vary 

randcmly aboilt this average number. We need to derive some 

“parity” hypothesis is rejected if the fraction of CLEC 
customers receiving that level of service is much smaller 
than the percentage of ILEC customers receiving such 
service. (For example, if the ILEC completes repairs on a 
specific service for 90% of its customers within 46 hours, 
parity is not achieved if the ILEC complete repairs for much 
less than 90% of CLEC customers within that amount of time.) 
This test procedure is non-parametric, i.e., it does not 
require any assumptions beyond the basicone that under the 
null hypothesis CLfCs receive equal treatment to the ILEC. 
This methodology only applies, however, to the review of 
individual performance tests. It does not address the need 
to develop a met’hod to review ILEC performance in the 
aggregate. 

18 



-threshold number of fa’ >?ed parity tests such that if more 

than this number are observed to fail, then non-compliance 

can be deduced. This threshold number of tests must be 

determined in such a way as to control the probability of an 

cverall, or aggregate, Type I error at 59. Furthermore, I 

also recommend that any review of an ILEC’s compliance with 

its nondiscrimination obligation should be based on two 

dimensions of statistical comparisons, both of which must be 

sErisfied.” The two dimensions of statistical comparisons 

are 

(a) the number of tests that fail in any monthly period 

must not be too large, and 

(b) the number of tests that fail for three consecutive 

months must net be too large. 

::’ e r e , *‘to0 large” must be determined by consideration of rhe 

total number of individual tests and the desired overall 

Type I e rrcr rate. 

31. For the first dimension, we must determine how 

many of the individual measurements subjected to the above 

comparison tests need to demonstrate non-parity before an 

iLEC may be found to be in overall violation of its 

;> The AT&T Statistical Ex Parte suggested that a third 
dimension also be considered, namely imposing a bound on the 
number of individual tests that exhibit extreme violations. 
I now judge that imposing this additional constraint does 
net prcvide much additional power for detecting extreme 
ViCiZtlO.?dSr and in fact reduces the chance of detecting scme 
mere moderate violations. \. 
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statutory duty. Suppose we have made N individual tests, 

each having a 5.3 Type I error rate, and have found that K. 

of them indicate non-compliance. If K: is approximately .O!j 

times N, we have no conclusive evidence of overall non- 

compliance. Under the assumption that the ILEC is in 

compliance, we can determine a number’ kl such that the 

probability that K: exceeds k: is 56.” 

32. The’ second dimension, &, the number of 

measurements failing the test repeatedly, is necessary to 

assure that the ILE C failures are indeed random. wit;-our . _ 

this dimersion, the ILX might be able to “game” the process 

and produce repeatedly discriminatory results on measures 

that are critical to one or more competitors. Thus, for 

this dimension, we must determine how many individual 

measurements in an ILEC report may be allowed to fail ~the 

parity ‘test, in three successive months before finding that 

‘;r.e IiEC has failed to provide parity. 

33. Suppose we have made N individual tests for each 

of three months, each test having a Type I error of 5%. Let 

K: be the number of tests that have failed in all three 

months. The probability that any individual test fails in 

:: This computation assumes that under the null 
h.Fothesis, the number K; has a binomial distribution with 
exponent N, i.e., it is as though we had tossed N coins, 
each with a probability of coming down “heads”, and have 
counted how many “heads” appear. Then we claim non- 
compliance if K: exceeds k:. 



all three months, assuming ?hat the ILEC is in compliance 

with its nondiscrimination obligation, is (.05j3, or l/SoOO. 

Thus the expected number chat fail in all three months, 

assuming compliance, is N/8000. Given that the number of 

monthly tests will be well below 8000, noncompliance should 

be found if K: is not zero. In other words, the allowed 

number of three-time-failing tests is k:=O. 

34. If we apply both of these overall procedures 

simultaneously, the actlual overall Type I error rate is a 

f\unction of three things: the T‘ype I error rates of the 

individual tests, which i call a:, the number k: of allowed 

individual failures, and the number kr of allowed three-time 

failures. These three numbers can be determined so that the 

Type I error rate of the overall procedure is exactly 55 icr 

whatever other value is required). Details of this 

ccmputation are given in Exhibit 1. 

II. BellSouth's Proposed Methodology Is Unsuited To 
Measure Parity And Should Be Rejected. 

35. The Notice (Appx. B, 91 7) also solicits comments 

on the methodology proposed by BellSouth, which is based on 

the use of statistical process control. This approach is 

not suitable to measure parity between ILECs and CLECs and 

should be rejected. 

36. BellSouth has proposed three kinds of control 

cT.arts. In the first, described in the Notice iAPpx. 9, 
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‘¶ 6), BellSouth maintains its own monthly results 

(presumably for each type of measurement) on a control 

chart. Three-sigma limits are established by reference to 

BellSoUth’s historical record. Then, each month, results 

for the CLEC are plotted on the same chart, and parity is 

claimed if these values do not fall outside the limits. 

37. A second proposal appears in BellSouth’s Tennessee 

Set*’ .&on 271 proceeding (see memo from David Laney to Williaz - 

Stacy, attached to the rebuttal testimony of William N. 

Stacy, TX\ Docket 97-00309, Exhibit WNS?M-2). Here the 

proposal is to plot values 0 f the variable DIX=(CLZC value 

- ILEC value) on a control chart, with limits set at +/- 

2.66 times the average moving range of size two. 

38. A third proposal also appears in the same docurrent 

from BellSouth’s Tennessee Section 271 proceeding. Here it 

is proposed to ccmpute z-scores, but using .the process 

standard deviation in the denominator rather than the 

wit:hin-mcnth ILEC sample variance as AT&T recommends. This 

process standard deviation is the average moving range 

(presumably of size two) divided by L-128. 

39. Each of these proposals has serious deficiencies, 

the most serious being that statistical process control is 

not designed to measure differences in parit . Rather, this 

technique is used to measure stability in performance. 

Sr-ability of ILEC processes is of course an important 
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concept, because the overa ,I1 reliabi lity of the systems used 

to serve CLECs is essential to determining whether an ILDC 

has met its duties under Section 251 of the Act. However, 

it is irrelevant in determining whether an ILEC's 

performance for itself is at parity with the performance it 

provides to others, i.e., CLECs. The ILEC's performance 

could be stable, with parity not provided, or unstable with 

parity being provided. Stability and parity are distinctly 

different concepts. 

40. Another shortcoming of each of the three BellSouth 

Frcposals is that no allowance is made for the fact that the 

nwber of observations that contribute to each average may 

change from month to month. This makes the use of moving 

ranoes invalid measurements of variability. Also, the 

n.a.ber cf observations in the CLEC sample is very unlikely 

to equal the number in the ILEC sample. Thus the ILX and 

CLEC averages will not have the same variances, even 

assuming parity, and so should not be compared to the same 

control limits, as the first proposal suggests. 

41. If control limits for the quantity DIFF were to be, 

set using the process variability of this quantity, as in 

the second and third proposals, some consistent violations 

of parity could completely avoid detection. Namely, if fcr 

any reason the CLEC measurements were consistently more 

variable than the ILEC measurements (w‘nich would imply that 
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many CLBC customers were getting poorer service), then this 

variability would be included in setting the control limits, 

and lack of parity would not be detected. 

42. Further, use of separate control charts for each 

of the many types of measurement leaves.open the question of 

how an overall judgement of compliance should be arrived at. 

BellSouth has not addressed this issue. 

Conclusion 

43. In summary, my iesiimony shows that AThT's 

propcsed methodology satisfies the Commission's desire to 

assure that reported differences in ILEC performance are 

statistically meaningful. 

44. h'ith respect to individual tests of ILEC 

performance, there are three key components in developing an 

accropriate statistical meihodology. _ . First, the modified z- 

stati; 1 ic proposed by LCUG provides an appropriate,test 

staTisti= to determine whether there are significant 

differences in the mean and the variance of an ILEC's 

performance for itself and for CLECs. Second, a one-tailed 

test with Type I error at about the 5% level strikes a fair 

balance between the need to account for both Type I and Type 

II errors. Third, the t-distribution provides a useful 

basis for calculating the critical value for individual 

tests of ILKC performance. Moreover, in those few cases 
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‘where the size of the ILEC sample is small, use of the 

permutation distribution will provide valid results. 

45. It is also appropriate to aggregate the results of 

individual tests to determine whether the ILK is in overall 

ccmpliance with its duty to provide nondiscriminatory 

treatment to CLECs. This should be done through the use of 

a two-part analysis that sets limits on the number of 

individual tests that fail to demonstrate parity in any 

giver. mcnrh and on the n?z?ber cf individual tests that fail 

in tkree cc: secc+ive morths _ . . These limits can be determined 

in such a way that the cverall Type I error is held at 5%. 

46. Finally, the methodology suggested by BellSouth is 

not designed to measure parity of performance between two 

u--i -“Ccerent populations. Thus, it should not be used to 

determine whether ILECs have met their legal duty to provide 

CLECs with parity service. 

Sworn to before me this 
29’” day of May, 1998 

4 l&A- 
Notary Public 

Xy Commission expires 

Colin L. Mallows 
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Exhibit 1 

Statistical Definition of the Compliance Rule for ILEC 
Parity 

The number k1 of allowed individual violations, and the Type 
I error of each of the individual tests", a,, are determined 
so that the probability of falsely claiming overall 
-i ;laficn ir contrclled at a !<nown level", which we'call a. 

suppose we are aggregating N individual tests. Let K1 be 
the number of these tests that indicate violations this 
month, and let K: be the number of tests that have shown 
violations in each of the past three months. Our proposed 
procedure is to claim overall violation if either (i) K1 
exceeds some number k,, or (ii) K2 exceeds zero. We show 
how k, and the type I error a , of each individual test can 
be determined so that the Type I error of the overall 
procedure is held at some desired !evel a. 

To determine k: and a! when we know N, (the number of tests 
to be aggregated), and a, we proceed as follows. 
Throughout this calculation, we are assuming that the ILEC 
is fully in compliance, so that for each individual test the 
probability of !fz?Sely) indicating non-parity is a,. 

a) Choose a tentative value for a!. We start with a,= a. 
This value of, a, ~;ill be .adjusted.idownwards) later. 

b) Determine k, to be the largest number such that the 
probability that the overall procedure indicates violatior?' 
(is greater than a. 

c) Decrease a, until the probability of overall violation 
using the value of kl that was determined in step b), is 
exactly a. 

Also referred to as the size of the individual test. 

.?3 Also referred to as the size of the overall aggregated 
test. 

24 This probability is: 1 - (1 - a,3)N * P(k, N, p) where 
P(,,) is the cumulative probability of the binomial 
distribution. That is, P(k, N, p) is the probability 
that the number of false parity test failures is <= k 
when the probability of an individual false parity test 
failure is p, and where p = (a,-a,")/(1 - a,"). 
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The resulting value L- a1 (and the corresponding critical 
value on the z-score scale) is to be used in each of the 
individual tests. Then non-compliance is indicated if any 
series fails the test in three successive months, or if more 
than k, fail in any single month. 

The following table provides an example of how k, is 
determined for the values N = 100 and a = 5%. As shown, 
the value of k, = 8 is the largest value or n that 
corresponds to a probability of no less than 5% of being 
exceeded. In this case, the probability of claiming an 
overall violation is 7.40%. 

Table 1 

Determination of k: for N=lOO, a= 5% 

k 1 Prob[K;>k, K>>Ol =l - (1 - 
a,')" + P(k, N, P) 

5 38.95% 
6 24.17% 
1 13.76% 
8 7.4OPc select this k 

,for i-~ 

The next step is to iteratively decrease ai and recompute 
the overall probability of violation, with k1 held at 8, 
until we arrive at a value for a1 for which this probability 
is .05. In this case, that value of al is -04601. 
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Now we can use the t-tables (or permutation distribution 
calculations) to determine the appropriate critical values 
for each individual test. The following Table 2 provides 
k,, a,, and critical values (assuming large sample sizes for 
each test) for a = .05 and a number of values of N. 
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Table 2 _.Y’ 

Determination of k, and a: for a range of N 
where k, satisfies 1 - (1 - aI'jN * P(k,, N, p)=.OS 
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Assessment of the OH/IN Stats Proposal and WI Appeal 

KPMG Consulting has been asked to provide an assessment of the Indiana & Ohio CLECs 
Statistics Statement ofPosition (distributed to the Ohio and Indiana Collaborative 
members) and the PetWon for Rehearing or Reopening of the Wisconsin statistical order 
(collectively the “OH/lN/WRequest“). This assessment is presented below. 

The OH/INM Request: 

1. Proposes commission-mandated implementation of suggestions that were not 
agreed upon during the collaborative development process; 

2. Does not reflect KPMG Consulting’s view of certain elements of Appendix C and 
the Statistical White Paper in Wisconsin and the current proposed Appendix C in 
Ohio and Indiana; 

3. Significantly alters the baseline project schedule; 

4. Does not produce any significant improvement in the Evaluations. 

The OH/IN/‘WIRequest proposes commission-mandated implementation of 
suggestions that were not agreed upon during the collaborative development process. 

The respective state regulatory commission staffs, Ameritech and the CLECs have 
collaborated for the past several months to develop and refine the statistical approach 
described in the proposed Appendix C distributed to Collaborative members in Ohio 
(March 1,2001) and Indiana (March 2,2001), respectively, and Appendix C and the 
Statistical White Paper in Wisconsin*. KPMG Consulting participated in these 
collaborative sessions consistent with its role as an independent third-party test 
manager. 

During the development of Appendix C in these states, Collaborative members 
discussed suggestions of dual hypothesis testing, exchanging the null and alternative 
hypotheses and the use of full sample sizes at all disaggregations or for select CLEC- 
specified measures before the current version of Appendix C was produced. The 
current version of Appendix C was refined to account for Collaborative participants’ 
concerns with some elements of the statistical approach described in the original version 
of Appendix C. Items were addressed through updates to the original proposed version 
of Appendix C and by development of the Statistical White Paper in Wisconsin, which 
has been integrated into the current proposed Appendix C in Ohio and Indiana. 
Essentially, the OH/IN/WI Request appears to abandon Collaborative-driven 
enhancements to the statistical methodology and advocates that state regulatory 

’ The proposed Appendix C in Ohio and Indiana is a combination of the accepted Wisconsin 
Appendix C and the Statistical White Paper. In total, each of these documents or sets of 
docunlents describe exactly the same statistical approach. For the sake of simplicity, references to 
the accepted Appendix C in Wisconsin throughout the remainder of this assessment implicitly 
acknowledge the inclusion of the Wisconsin Statistical White Paper as part of Appendix C. 
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commissions order the implementation of suggestions that were not acceptable to all 
Collaborative parties. 

The OH/INAVIRequest does not reflect KPMG Consulting’s view of certain elements 
of Appendix C. 

WMG Consulting disagrees with the following points in the OH/TN/WI Request 

1) “The test’s statistical methodology employs incorrect hypofheses;” 

2) “The statistical methodology does not balance error potential.” 

Correctness of the Hypotheses. Appendix C relies on a Null Hypothesis of parity for 
metrics that involve parity because parity is the only clear and easily definable 
hypothesis. Additionally, in cases of identical, or supposedly identical, processes (such 
as those involving parity measures), the logical methodology is to attempt to disprove 
the Null Hypothesis of parity. As a result, these Evaluations are designed to focus on 
testing for credible evidence of the absence of parity, rather than to “prove” the 
existence of parity. Hence, the OH/IN/W Request incorrectly interprets the application 
of the scientific method in this case. 

Balancirlg ofError Potential. The OH/IN/WI Request asserts an imbalance between the 
error rates set for Type I (false failure) and Type II (false pass). The OH/IN/WIRequest 
claims the concept of a Type II error rate of 50% for disaggregations is “no more 
scientific than a coin flip.” This assertion is tantamount to claiming that all statistical 
tests are unscientific. Despite implicit claims to the contrary in the OH/IR’/wRequest, 
every standard statistical test of means has some level of disparity where the error rate is 
50%. 

Appendix C sets sample sizes lo equate Type I and Type II error rates for each metric at 
the aggregated level, for a level of disparity agreed upon at one point bv Collaborative 
participants. The Type I and Type II error levels are set at 5% for specific “aggregated” 
metrics in these states. The Type II error rate is set at 50% for this same level of disparity 
for “disaggregated” metrics. Appendix C details the reasons for the error rates that 
correspond to the particular level of disparity specified. 

Despite the rationale provided in Appendix C, Type I and II error levels continue to be 
the subject of great misunderstanding in this instance. Logically, if product 
disaggregations exist within an aggregated metric, error rates for these disaggregations 
need to be higher than for the aggregated metric itself because the sample size is 
necessarily smaller. Type I and Type II errors could be equalized for all disaggregated 
metrics. However, such activity would result in a much smaller Type II error rate than 
Type I error rate for aggregated metrics. Furthermore, this suggestion was raised and 
rejected earlier in the collaborative process because it significantly increases the size of 
the test beds, and therefore significantly increases the baseline project schedules. 
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The .OH/INAWRequest significantly alters the baseline project schedule. 

KFMG Consulting’s baseline project schedules for Wisconsin, Ohio and Indiana 
(currently under development) are predicated on the current version of Appendix C. 
Exchanging the null and alternative hypotheses (as they are currently proposed) or 
utilizing dual hypotheses will necessitate a substantial outward movement of the 
baseline project schedules estimated at four to six months. 

A null hypothesis that relies on the principle of equality (which is the case with the 
current version of Appendix C) is elegantly simple and robust. Equality is, after all, 
equality. There is no reason to establish the “level” at which equality exists for each test. 
Thus, Appendix C, as accepted in Wisconsin and as proposed in Ohio and Indiana, does 
not require any additional development before testing can begin. 

Exchanging the null and alternative hypotheses or engaging in dual hypothesis testing is 
deceptively complicated. A null hypothesis predicated on disparity is much more 
problematic because the level of disparity must be established for each and every test. 
This determination is necessary because the effect of disparity, even measured in 
standard units of variability (such as standard deviation), is likely to differ by product. 
Additionally, Commission and Collaborative guidance will be vital in establishing the 
appropriate levels of disparity for the Ameritech products. KPMG Consulting could 
recommend levels for each metric, but such proposals would involve an extended 
analysis of Ohio, Indiana and Wisconsin data in advance of the test. Alternatively, it has 
been suggested previously that one level of disparity as a function of standard deviation 
should be employed for all tests. While this is convenient, the suggestion is unjustified. 

Based on Master Test Plan and statistical methodology development cycles in Indiana, 
Ohio and Wisconsin, the time required to perform data analysis and the likelihood of 
debate regarding the appropriate levels of disparity, KI’MG Consulting estimates that 
the process of developing the appropriate levels of disparity could extend the baseline 
project s’chedules from four to six months (since statistical methodology is a critical path 
item). Additional unforeseen delays during testing, due to inexperience with this 
methodology, are also possible. 

Likewise, dual hypothesis testing will be subject to the same estimated four to six month 
schedule delays given the need to establish the levels of disparity for the second 
hypothesis. 

The OH/IATVWIRequest does not produce any significant improvement in the 
Evaluations. 

The OHnNfW Request concludes that dual hypothesis testing is necessary, if 
recommendations for exchanging the hypotheses and equalizing the risk of Type I and 
Type II errors are not granted. As described previously, the concern regarding 
balancing Type I and II errors for disaggregated measures is based on a statistical 
interpretation with which KPMG Consulting does not agree and whose only redress was 

Consulting 
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deemed untenable for these Evaluations. ‘Likewise, the exchange of hypotheses or use of 
dual hypotheses is both statistically unnecessary and burdensome in the specific 
instance of these OSS evaluations. However, the request for additional analysis and 
reporting of those analyses is well-grounded in certain instances. 

To this end, the current version of Appendix C prescribes additional analysis and 
reporting when sample sizes are not met or when other inconsistencies in the data or test 
arise. This additional analysis and reporting was added to Appendix C during the 
Collaborative’s development process to address specifically this request for such 
activity, when necessary. 

In summary, the statistical approach described in the current version of Appendix C has 
evolved significantly as a result of KPMG Consulting’s testing experiences and the 
multiple Collaborative sessions. Appendix C illustrates a statistical approach that is 
sufficiently robust to yield meaningful results without adding time and cost to the 
Ameritech OSS Evaluations in Indiana, Ohio and Wisconsin. 


